Picornaviruses are plus-stranded RNA viruses that have well-known tropisms for specific organ systems in animals and humans (4, 15, 42) . Both genetic and environmental factors influence pathogenesis of this viral infection. Variants of the same serotype may demonstrate distinct tropisms for particular tissues; however, even infection of a given organ will not ensure a direct pathological effect on that organ (13, 22, 23, 41) . Evidence from certain picornavirusinduced disease states indicates that the tissue injury results from an immune response to infected targets (14, 20) .
The M strain of encephalomyocarditis virus (EMC-M) was first isolated during an epidemic of myocarditis affecting Panamanian swine in 1962 (25) . This virus has since been extensively studied as a model for viral myocarditis and insulitis (1, 5) . While investigating the diabetogenic properties of this virus, we routinely observed a paralytic syndrome in BALB/c mice 7 to 10 days after viral inoculation. Clinical symptoms were maximal at a time when virus was being cleared from the brain. Although a tropism of EMC-M virus to the central nervous system (CNS) has been described before, the delay in occurrence of disease suggested additional or alternate mechanisms other than direct viremia in pathogenesis.
In the present report we demonstrate that this disease is immune mediated and shows many of the features of postinfectious encephalomyelitis. Clinically, the animals showed various degrees of paralysis, and pathologically, inflammatory demyelinating lesions were seen in the brains and spinal cords. Furthermore, in vivo depletion of particular T-cell subsets results in prevention of disease. To determine the kinetics of clearance of the virus from the brain, four virally infected mice were sacrificed on days 4, 6, 9, 12, 15, 18, and 24, and the quantity of virus was estimated by using the plaque assay (Fig. 1) . Viral titers reached a maximum on day 4 and subsequently declined. By day 18, no infectious virus could be detected in the brain. The kinetics of viral clearance from the brain were similar to those reported for the heart and pancreas (25) . It should be noted that development of the paralytic syndrome began as virus was cleared from the brain (Fig. 1) .
MATERIALS AND METHODS
In a separate series of experiments, viral titers were obtained from spinal cords of animals infected with EMC virus. There was no difference in the pattern of viral clearance, and no virus was detected in the spinal cord 18 days after infection (data not shown).
Light microscopy. Animals were sacrificed after recovery from clinical symptoms (days +18 to +25), and the brains and spinal cords were analyzed by light and electron microscopy. Histological analysis showed perivascular lymphocytic cuffing in the parenchyma of the brain and more specifically in the cerebellum and periventricular areas. Myelin staining with luxol fast blue showed well-demarcated areas of myelin loss in the brain and at multiple levels in the spinal cord. The areas of primary demyelination in the spinal cord as detected in plastic embedded sections were wedge shaped and extended to the pial surface. At all levels examined in the spinal cord, the anterior horn cells and the anterior roots were spared ( Fig. 2A and B and Fig. 3 (Fig. 4) .
Prevention of EMC virus-induced neurological syndrome by in vivo administration of monoclonal anti-CD4 and anti-CD8 antibodies prior to inoculation with virus. (i) Development of paralytic syndrome. In vivo administration of monoclonal antibodies directed against the CD4 and CD8 antigens resulted in depletion of the appropriate T-cell subset from the lymph nodes, spleen, and peripheral blood. Depletion was rapid, and repopulation of the depleted T cells was gradual and took place over a period of 2 to 3 months (30) . In order to determine the role of the T-cell subsets in the development of the paralytic syndrome, female BALB/c mice were treated with 1 mg (i.p.) of either anti-CD4 (GK1.5), anti-CD8 (2.43), or rat immunoglobulin G (IgG) 24 h prior to inoculation with 60 (iii) Development of an antibody response to EMC virus. As a means of testing the effectiveness of the anti-T-cell antibodies in producing immunosuppression, serum immunoglobulin against the EMC viral antigen was determined by the enzyme-linked immunosorbent assay method (31) . Animals were bled at the time of sacrifice (day 18), and the serum was measured for anti-EMC antibody against known positive-control and negative-control antisera. Values are expressed in terms of microliters of the known positive serum plus or minus the standard error of the mean. Animals receiving either rat IgG, anti-CD8, or anti-CD4 had mean titers of 0.34 ± 0.15, 0.50 ± 0.15, and 0.06 + 0.04, respectively (Table 1) .
DISCUSSION
Monoclonal antibodies to CD4 or CD8 antigens have been used to study the effects of T-cell subset depletion on the immune response in vivo (3, 12) . Thus depletion of CD4 cells has been shown to suppress antibody and delayed-type hypersensitivity responses in vivo and prevent a number of autoimmune diseases (2, 24, 28, 36, 37, 40) . By using similar techniques, the CD8 population of cells has been shown to be involved in allograft rejection (30) , in the rejection of tumors (26) , and also in the immune response to parasitic antigens (38) . The CD8 population of cells has protective as well as detrimental effects in the regulation of the immune response to a number of viruses. Thus polyclonal or cloned populations of CD8 cells responsive to influenza virus protect mice against lethal infection and limit the replication of the virus in the trachea and lungs (18, 21) . Similar observations have also been made after herpes simplex virus infection (27) . On the other hand, CD8 cells have been implicated in myocarditis after coxsackievirus (CVB3) infection (20) and in the lethal infection after intracerebral inoculation with lymphocytic choriomeningitis virus (9) .
Although other strains of EMC virus have been reported to be neurotropic in mice, the description of a demyelinating syndrome after EMC virus infection is novel. A number of other viruses have well-known demyelinating effects in the CNS (7, 10, 17, 19, 35) . Of these, Theiler's virus and the JHM strain of the mouse hepatitis virus have been extensively studied. In contrast to EMC infection, both Theiler's virus and the JHM strain produce a chronic persistent state of cerebral infection (7, 29, 39) . Our clinical and pathological studies appear to resemble more closely the paralytic syndrome produced by infection with temperature-sensitive mutants of vesicular stomatitis virus (8 temperature-sensitive mutants of vesicular stomatitis virus, the disease is monophasic, occurs during the period of viral clearance, and is immune mediated.
Our present observations on the effects of anti-CD4 and anti-CD8 antibodies in EMC infection differ in some respects from the effects of these monoclonal antibodies on Theiler's virus-induced disease (29, 39) . In the latter situation, treatment of animals prior to infection with anti-CD4 antibodies resulted in higher morbidity and mortality. One possible explanation for this difference could be the relative importance of antibody in containing the viral response after Theiler's murine encephalomyelitis virus infection. In EMC virus infection, it is likely that initial viral containment prior to the development of an antibody-mediated humoral response occurs by natural killer cell activity in a manner similar to that seen in coxsackievirus infection (11) .
The kinetics of disease development after EMC infection and the relation of viral clearance to development of neurological symptoms suggest that this might represent a form of postinfectious encephalomyelitis. In humans, postinfectious encephalomyelitis is often associated with a number of viral infections, including measles, rubella, and chicken pox (34) .
Immunological studies in patients recovering from these infections have suggested that they represent an autoimmune response to myelin basic protein and are closely related to the experimental counterpart, experimental allergic encephalomyelitis (16) . We have failed to show any autoreactivity to myelin basic protein after EMC infection (data not shown). It is quite likely that autoreactivity to other myelin antigens such as proteolipoprotein may be involved. However, the beneficial effects of CD8+ T-cell subset depletion clearly indicate a different immunopathogenic mechanism than experimental allergic encephalomyelitis (32) . While immunosuppression with anti-CD4 or anti-CD8 antibodies clearly establishes a role for T cells in the process of demyelination, the fact that clinical signs of disease are observed at a time when virus is present in the CNS prevents us from ruling out a direct role of the virus in the process. Furthermore, the absence of virus particles in the electron micrographs at day 18 does not exclude the persistence of virus (6) . In any case, the differential effects of the T-cell subsets indicate that the syndrome of postinfectious encephalomyelitis might be quite variable and that clinical and histological examination alone cannot establish the immunopathogenesis of the disease.
Our experiments have important implications in understanding the pathogenesis of the most common human demyelinating disease, multiple sclerosis. The various clinical presentations and progression observed in multiple sclerosis could well argue that this is a heterogeneous disease and hence any immunotherapy to patients with this disease must be exercised with great caution.
